ANOMALOUS SPIN DYNAMICS IN THE PARAMAGNETIC PHASE OF SPIN GLASSES
Abstract. -Neutron Spin Echo experiments revealed an anomalous paramagnetic phase above the transition temperature in the insulating E U O .~S~~.~S , similarly to previously studied metallic spin glasses. The universal signatures of this phase underline the fundamental r61e spin non-conserving forces (anisotropy) and possibly activated processes play in bringing about the spin glass transition.
Previous Neutron Spin Echo (NSE) studies of the spin relaxation in metallic spin glasses ( [I] and references therein) revealed the existence of a dynamically anomalous paramagnetic phase in a broad temperature range just above the spin glass transition temperature Tg. The general signatures of this p h s e are [I] : (a) absence of kinematical slowing down in the wavenumber q dependence of the relaxation at small q's, which implies a dynamics dominated by spin non-conserving forces (spin-orbit or dipolar anisotropy) and not by spin conserving Heisenberg exchange; (b) non-exponential relaxation which is compatible over most of the temperature range with a superposition of Arrhenius laws with a uniform distribution of barrier hights from 0 up to Em,-10 kT,; (c) break-down of the Arrhenius behaviour with fix barrier hights in the vicinity of T,. We report the extension of these findings'to the canonical insulating spin glass system E U~.~S~~.~S , which is a best model candidate for Heisenberg spin glasses.
We have investigated a polycrystalline Euo.4Sro.6S sample showing a Tg=1.60 K [2] . The temperature dependence of the magnetic structure factor S (q) (unambiguously determined by standard 3 directional p e larization analysis as part of the Paramagnetic NSE method [3] ) is shown in the inset in figure 1. The rapid increase of scattering intensities with decreasing temperature below 10 K corresponds to the build-up of a ferromagnetic short range order, which saturates at about 2 K.
The temperature dependence of the time decay of the spin correlations s (q, t) (Kubo relaxation function) is given in figure 2 . It has been shown (see [I] ) that for relaxation type spin dynamics the susceptibility response corresponding to a time constant T can be deduced from the NSE spectra as X, (7) oc S (q) (1 -s (q, 7)) /kT. The main part of figure 1 shows the susceptibility at q = 0.072 A-l calculated for various time constants (frequencies) using this recipe. (The of low frequency ordinary q = 0 susceptibility data [2] assuming similar dynamics at our finite q.) It is seen that the characteristic cusp appears at these very high frequencies at about 2.5 K, well above Tg=1.6 K. This frequency shift of the cusp temperature consistently joins those observed in macroscopic susceptibility measurements up to 10' Hz [4] .
The dashed lines in figure 2 correspond to the relaxation calculated using the simple phenomenological superposition of Arrhenius laws with a broad distribution of barrier hights, which has been found successful in metallic spin glasses [I] with the spin non-conserving term and (~/ q ; ) q2 with Heisenberg spin diffusion. The q dependence at lower temperatures was found to be rather similar.
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lo''o t lsec) up (T 2 2.5 K) . The break-down of the Arrhenius behaviour below this temperature can bue to the onset of temperature range, cf. Fig. 1 ). This underlines from the point of view of dynamics the previous observation We have to stress that, of course, equation (1) is lar in this case) and possibly of activated processes in bringing about the spin glass transition. This tends to confirm more recent theoretical predictions that there is no finite temperature spin glass transition in shortrange Heisenberg systems in 3 dimensions [7] . Concerning the potential r61e of activated processes [8] it is remarkable that we find a distribution of constant energy barriers in the very temperature range where most of the ferromagnetic short range order builds not the only possible interpretation of our results at T > 2 K. However, the most popular other nonexponential forms, viz. the stretched exponential and the algebraic decay give clearly bad fits of the spectra at T 5 4 K. The -1nt shape of early Monte-Carlo simulations (51 is, on the other hand, a good approximation. Note, that recent non-linear generalized hydrodynamic theories of the structural glass transition have been shown to be able to reproduce the type of relaxation behaviour shown in figure 2 by choosing a proper simple schematic model of the non-linear coupling [6] .
The universal appearance of the characteristic anomalous paramagnetic phase as a precursor of the spin glass transition up to several times Tg lends further support to the original conjecture [I] on the crucial r61e of spin non-conserving forces (probably dipothat the short range spin order (which is an obvious product of the exchange interactions) shows no correlation with the spin glass transition [I] . Finally, the non-exponential relaxation we observed at T < 6 K (incidentally, the paramagnetic Curie-Weiss temperature is 7 K) might be considered as the signature of the Griffith phase 191. Unfortunately, much too little is known of the behaviour of this phase, thus equating it with the anomalous paramagnetic phase we have identified is certainly premature. To conclude we stress the unique features of these studies due to the capabilities of netron scattering of directly probing both spactial (q) and time correlations and of determining separately both contributions to the susceptibility, via. the short range order contained in S (q) and the dynamic effects expressed by s (q, t ) .
